Genetic diversity evaluation of mutant lines is essential to facilitate their conservation and utility in breeding programs. Characterization of plant genotypes using morphological markers has limitations which make the procedure inefficient. Application of molecular tools for characterization and diversity assessment has been found useful to complement phenotypic evaluation of plant population. Therefore genetic diversity of some cowpea mutant lines was studied using simple sequence repeats (SSR) markers. DNA barcoding marker, ribulose-1,5-bisphosphate carboxylase(rbcL) of the chloroplast DNA (cpDNA) was also used for characterization and identification of the mutants to species level. The mean polymorphic information content (0.51) obtained from the microsatellites showed high polymorphism in accessing wide genetic diversity among the mutants and their parents. Dendrogram generated revealed 8 groups with most mutants clustered separately from their parents. Sequence analysis revealed insertions/deletions (InDels) and base substitutions as the two main classes of mutations induced in the plastid DNA of the mutants studied. The nucleotide frequencies were 26.95% (A), 34.43% (T), 24.09% (C) and 14.53% (G). A total of 61.38% AT rich region was identified, while GC rich region was found to be 38.62%. Highest rate of mutations were observed in region 3 -4 indicating that the region is less conserved in cowpea rbcL gene. The present study proved that SSR markers are useful for the ge- 
Introduction
Genetic diversity and phylogenetic analyses are important tools for plant breeding and genetic research because they provide information that forms the basis for conservation and utilization of genetic resources in crop improvement. Moreover, after the creation of new genetic variants by mutation induction in crop plant, genetic diversity of the mutant lines needs to be evaluated using genetic based tools and advanced molecular techniques [1] [2] [3] , to facilitate their utility in cultivar development. Genetic diversity study is also important in crop breeding for the purpose of selecting genetically distant lines that are suitable for the production of heterotic hybrids [4] as well as for characterization and conservation of mutant lines.
Characterization of mutants with novel morpho-agronomic traits is fundamental to their utility in crop improvement program. Traditional characterization and selection technique depends on the application of morphological markers to reveal phenotypic variations in the plant population. However, the use of morphological markers is constrained by certain factors. It is influenced by the environments [5] [6] , laborious and time consuming [7] , while some morphological markers have epistatic effects [5] . DNA molecular markers are genetic markers based on individual nucleotide sequence variation, which are the direct reflection of genetic polymorphisms at the DNA level [6] . PCR-based DNA markers are efficient tools used in plant breeding and genetics to estimate very precisely the genetic diversity [8] and differentiate among genotypes at species and sub-species level. Therefore, molecular marker-base characterization has been found very useful complement to phenotypic characterization of new mutants for the purpose of crop improvement and genetic studies. Kolade et al. [9] characterized some mutant lines of cowpea using random amplified polymorphic DNAs (RAPDs) and amplified fragment length polymorphism (AFLP) markers. Their study proved the discriminatory power of AFLP over RAPDs in characterizing the mutants.
Among the PCR-based DNA molecular markers, microsatellites or simple sequence repeats (SSR) are the most frequently used markers in the genetic diversity analysis of cowpea [6] [10]- [15] . SSRs are DNA sequences with repeat lengths of a few base pairs. They provide an effective means for discriminating between genotypes [14] [16] . Research findings had revealed that SSRs are more efficient than RFLPs, RAPDs and AFLPs in level of polymorphism and informa-tion content in genetic diversity assessment of legumes [12] [17] [18] . Microsatellites are one of the most useful molecular markers for genetic analyses due to their co-dominant inheritance, high variability and abundance, and ease of analysis [16] [19] [20] .
DNA sequence data have received a great deal of attention as a potential source of "phylogenetically informative" characters that are putatively less ambiguous than non-molecular characters [21] . Moreover, in genetic characterization of mutant lines, sequences analysis will reveal further details of the type of changes that had occurred at the nucleotides level and the precise location(s)
where the mutations occurred in the plants genomes. Universal primers could be the best option when it is difficult to obtain monomorphic bands of samples' [26] which are useful for phylogenetic assessment and species level of population studies. It has also been demonstrated that rbcL primers are useful for inter-and intraspecific evolutionary study of plants [22] .Therefore this study was conducted to reveal and characterize the cpDNA level of variations in selected cowpea mutants and their parents.
Materials and Methods

Plant Materials
The 32 cowpea genotypes used in this study are listed in Table 1 . Twenty three out of the whole 32 plants were selected mutant lines induced by gamma irradiated cowpea seeds [27] [28], while only one line was a mutant induced by UVirradiated pollen of cowpea [29] .
Sample Preparation, Genomic DNA Extraction and Quantification
Seeds of cowpea lines were planted in plastic pots filled with top soil at the roof-top garden of CPEB, University of Ibadan. Young leaf samples of these lines were harvested at four weeks after planting. Harvested leaf samples were stored in freezer at −80˚C and later lyophilized for 72 hours to remove the moisture content from the leaf and present the leaf in a dried form for easy grinding. Steel balls were placed in the extraction tubes and samples were punched to bits into each extraction tube. The samples were ground in a 2000 geno-grinder machine for 2 minutes at 150 strokes per minute. Genomic DNA was extracted from the thirty two leaf samples using modified method of Cetyltrimethyl ammonium bromide (CTAB) and sodium dodecyl sulphate (SDS) extraction protocol in a mini prep format [30] . Extraction buffer was added to the ground sample, 
Simple Sequence Repeats (SSR) Genotyping
DNA sample from the 28 lines and 4 parental lines was genotyped using SSR markers. Sixteen VignaSSR markers were run on the 32 samples and only markers that showed polymorphic amplification among the lines were used ( Table 2 ).
Markers that were monomorphic among lines were not informative hence were not used. 
Electrophoresis of PCR Products
Mini acrylamide gel electrophoresis was used for better resolution following the standard procedures [31] [32]. The plates were briefly treated by wiping both long and short plates with ethanol. Amplicons (amplified DNA fragments) were run on 6% acrylamide gel electrophoresis (Acrylamide, 10XTBE, 10% Ammonium persulfate and Temmed). The gel was allowed to polymerize and run with 0.5XTBE buffer (45 mMTris-acetate, 5 mM Boric acid, and 1 mM EDTA, pH Table 2 . List of SSR markers used in the study. Gels were visualized by staining with ethidium bromide solution (0.5 μg/ml) and banding patterns were photographed over UV light using UVP-computerized gel photo documentation system.
Sequencing Reaction and Analysis
The SSR markers used in the diversity study were all polymorphic and could not be used for sequencing. Therefore, the following pair of rbcL primer was used for the sequence:
H535-5'CTTTCCAAGGCCCGCCTCA3' for forward sequence;
C705-5'CATCATCTTTGGTAAAATCAAGTCCA3' for reverse sequence.
Cocktail Mix and Condition for the PCR
Genomic DNA was subjected to the following cocktail mix: 
PCR Purification
The PCR product was purified by adding 2 volume (20 µL) of absolute ethanol.
It was incubated at room temperature for 15 minutes, spun down at 10,000 rpm for 15 minutes and the supernatant was decanted. Then 100 µL of 70% ethanol was added, the mixture was votexed and spun down at 10,000 revolutions per minute (rpm) for 15 minutes. The supernatant was decanted and PCR product was air dried. 20 µL of DNAse and RNAse free H 2 O was added and the product was checked again on 1.5% agarose.
Sequencing Reaction
The reactions for 96-well reaction plates (microcentrifuge tubes) was prepared The tubes were placed in a thermal cycler and set to the correct volume. Initial denaturation step of rapid thermal ramp to 96˚C for 1 min was performed. This was followed by 25 cycles each consisting of a denaturation step of 10 sec at 96˚C, annealing step of 5 sec at 50˚C, extension temperature of 60˚C for 4 min, a hold temperature of 4˚C and the contents of the tubes in a microcentrifuge were spin down.
Purification of Sequencing Product
To the PCR product in the 96-well reaction plate, 5 µL 125 mM EDTA was added. This was followed by the addition of 60 µL of 100% ethanol to each well to each well. The plate was sealed with plate septa, mixed by inverting 4 times and incubated at room temperature for 15 minutes. The plate was spin down at 3000 rpm for 45 minutes at 4˚C. The plate was inverted and it was spin up to 900 rpm. To each well, 60 µL of 70% ethanol was added and centrifuge at 3000 rpm for 15 min. The plate was inverted and it was spin up to 900 rpm for 1 minute and the samples were re-suspended in injection buffer i.e. HID Formamide (Applied Biosystems).
Data Scoring and Statistical Analysis
Microsatellite markers were scored as follows:  1 for present alleles.  0 for absent alleles.  9 for missing data.
The polymorphic information content (PIC); that is the level of polymorphism shown by each SSR marker for distinguishing cowpea lines, was determined following the procedures of Powell et al. [16] and Weir [33] :
where, H e is the expected heterozygosity or PIC and P i is the frequency of the ith allele. Each SSR fragment was treated as binary matrix in which band presence was coded as 1 for present and 0 for absent. Based on the binary matrix, Euclidean dissimilarity index was computed. Subsequently, using neighbor joining clustering algorithm, a dendogram was generated with the unweighted pair group method using arithmetic average (UPGMA) algorithm of DARwin 5.0.158 software [34] [35] .
The samples were loaded on 3130xl Genetic Analyzer in order to generate sequence data. DNA sequences were edited and analyzed using BioEdit and MEGA software. Phylogenetic analyses were conducted in MEGA5 [36] .
Results
Genetic Diversity Assessment
Four primers (Vm34, Vm37, Vm54 and Vm57) out of the sixteen SSR primers screened for the molecular study revealed polymorphic loci (Figure 1 
Sequence Analysis
The sequence alignments of cowpea mutant lines and their parents with the rbcL reference sequence are presented in Figure 3 . As a result of mutagenic treatment of cowpea lines with gamma rays, insertion of T and G was observed in the rbcL From the rbcL sequence data there were variations in the effects of mutagenic treatment of IT86D-719 with gamma rays on the resultant mutants in this study.
In mutant line IT-719BN-1, G and A nucleotides were deleted at positions 3.
There was a deletion of G at position 3, while ACC bases were substituted for CAA at region 4 -6 in IT-719BN-2. In IT-719FPL and IT-719G100DW, C was substituted for A at region 6 of the sequences. At regions 3 -4 of IT-719G200BT, GA was deleted. In IT-719G400MS, GA was deleted at region 3 -4, substitutions of C for G, G for C, C for A and C for G were respectively, observed at regions 5, Observations on the positions towards the end of the sequence alignments were not accounted for in this report because they could not be justified.
Molecular Phylogenetic Analysis of the Mutants
The estimated genetic divergence among the sequences of cowpea were obtained using rbcL gene (Table S1 ). Phylogenetic reconstruction of the mutant lines including the parents was inferred using the Maximum Likelihood method based on the Kimura 2-parameter model [35] . The bootstrap consensus tree inferred from 1000 replicates is taken to represent the evolutionary history of the taxa analyzed [36] . Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. All positions with less than 95% site coverage were eliminated. That is, fewer than 5% alignment gaps, missing data, and ambiguous bases were allowed at any position. The evolutionary history was inferred using the UPGMA method [37] .
The optimal tree is shown in Figure 4 . The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown above the branches [38] . The phylogenetic distances were computed using the Kimura 2-parameter method [39] and are in the units of the number of base substitutions per site. The analysis involved 32 nucleotide sequences. Codon positions included were 1 st +2 nd +3 rd +Noncoding. All ambiguous positions were removed for each sequence pair. There were a total of 1164 positions in the final dataset. Four main cluster groups of cowpea lines were revealed from the phylogenetic tree ( Figure 4 ). The number of genotypes grouped within cluster I, II, III and IV was 1, 23, 4 and 2, respectively (excluding 2 samples with bad sequence data). The grouping which was irrespective of the mutant origin indicated that similarity within the mutant populations was independent of the rbcL sequence data. The rbcL reference sequence retrieved from NCBI database was included in the computation and it was found within cluster II, while the GU140278_COI gene sequence from a different organism that is not related to cowpea was usedas an out-group which confirmed the validity of these results. The result indicates that IB is similar to its mutant derivatives except IB-CR which was differentiated into cluster I. IT86D-719 is different from all its mutant lines except IT-719G200BT, IT-719BN-1 and IT-719G400MS. IT89KD-374-57 is similar to all its mutant lines except IT89KD-400UF, while IT90K-284-2 is different from IT90K-500EM only.
Discussion
Molecular characterization has gradually replaced phenotypic evaluation among plants and animals species since the evolution of gene theory. PCR-based DNA markers are very valuable tools to plant geneticists and breeders because they are useful for precise estimates of genetic diversity. The SSR markers used in this study were able to separate each of the parental lines from most of their mutant derivatives. Some DNA changes resulting from mutation events led to the variations detected by microsatellites between the mutants and their parents in this study. Hamzekhanlu et al. [2] had reported that polymorphic amplification products which represent one allele per locus can result from changes in either the sequence of the primer binding site, such as point mutations, or from changes altering the size or preventing successful amplification of a target DNA such as insertions, deletions, and inversions. Mutations resulting in polymorphisms are those occurring on primer binding sites, leading to an increase or decrease in the total number of primer binding sites, and consequently the number of amplified fragments [2] . Furthermore, some changes in the genome of the mutants were responsible for the differences observed in the clustering of most mutants from their parents in the dendrogram constructed from SSR markers. Although the clustering patterns of these mutants are not correlated with their phenotypic traits (morphology), further investigations may be needed to know if they could infer useful agronomic traits inherent in the mutants. The genetic diversity assessment presented in this study demonstrates that SSR marker could be used for molecular characterization of cowpea mutant lines. Selected cowpea mutants in this study were genetically diverse from their parents indicating that they are valuable genetic resources to be added to cowpea genepool.
The effects of any gene mutation on an organism will vary depending upon the functional region of the gene (promoter, intron, coding, or 3' untranslated regions) where the mutation occurs, and whether the function of an essential [28] . The relatively higher rate of transitional substitution range (5.16 -12.23 ) as compared to the rate of transversion range (4.83 -11.45) among the mutants studied corroborates the report of Lee et al. [40] that transitions occur more frequently than transversions in mutational events. The higher percentage of AT rich region than GC rich region observed in this study indicates that there is a bias towards AT in the substitutional rate with regards to A, T, G and C. Yamane et al. [42] reported that the AT-richness of 
Conclusion
Induced mutation is a valuable tool for creating new genetic variability to complement existing germplasm and broaden crop genetic base. Therefore, creating genetic diversity is needful for effective plant breeding programs. The present study proved that SSR markers are useful for the genetic diversity assessment and characterization of cowpea mutants. Most of the mutants studied were genetically diverse from their parents indicating that they are valuable genetic resources to be added to cowpea genepool. Although the sequence analysis of cpDNA could not reveal details of the mutations with respect to the mutants'
morphological characters, however it shows that rbcL markers may be used for phylogenetic and evolutionary studies of mutant lines. Therefore, there is the need for whole genome sequencing of these mutant lines in order to obtain detail information about the genes responsible for the mutants' phenotypes and how they may enhance the genetic map and cultivar improvement of cowpea. 
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